Bovine rotavirus infectivity for continuous green monkey kidney (BSC-I) cells was enhanced in hypertonic medium and following incorporation of cortisol, retinoic acid and vitamin B12 into the cell culture maintenance medium. The virus yields produced under these conditions were similar whether obtained in the presence or absence of trypsin. Infectivity titres were increased following the incorporation of trypsin in the maintenance medium throughout the infection cycle but remained unchanged after trypsin treatment of infected cell extracts. Bovine rotavirus infectivity was not affected by incorporation of phytohaemagglutinin, thyroid gland extracts or foetal calf serum in similar experiments. Unexpectedly, serum promoted virus growth when used with cells treated with actinomycin D. Marked differences in the stability of the newly produced infectious rotavirus were observed, suggesting that cell permissiveness to rotavirus infection may vary following the physiological state of the host cell.
INTRODUCTION
Previous studies have demonstrated the usefulness of trypsin or pancreatin for the isolation and cultivation of non-primate rotaviruses in selected cell lines (Babiuk et al. I977; Theil et al. I977; Almeida et aL I978; B6gin et al. I978; McNulty et al. I979) . On the other hand, trypsin appeared to have little or no effect on infectivity of primate rotaviruses (Malherbe & Strickland-Cholmley, 1967; Spence e t al. 1978; Estes et al. ~ 979 a; Schoub et al. I979; M. E. B6gin et al., unpublished data) . These facts suggest that the enhanced production of infectious rotavirus by trypsin treatment may be characteristic of the rotavirus isolated and the host cell in which it multiplies. Recently, Estes et al. (I979b) demonstrated that cell susceptibility to simian rotavirus infection may vary widely. Based on these results and to see whether or not rotavirus infection could be modified under the action of various environmental factors, the effect of a variety of factors on the virus yields produced in tile presence or absence of trypsin has been examined. These studies were performed by analysing infectivity of the bovine rotavirus (Norden strain) produced in BSC-I cells under a variety of cell cuture conditions that affect host cell physiology. Marked differences in the production and stability of infectious particles were observed, suggesting that cell permissiveness to rotavirus infection may vary following the physiological state of the host cell.
Cells and virus. BSC-I cells were cultured in Eagle's minimal essential medium (MEM) with Earle's salts and glutamine (Gibco, Burlington, Ontario, Canada) supplemented with I oo units/m1 penicillin, IOO/~g/ml streptomycin(Gibeo) and ~o ~ heat-inactivated y-globulinflee foetal calf serum (FCS-gg; Gibco). Bovine rotavirus (Norden strain) was kindly supplied by Dr E. P. Bass. Virus stocks were prepared in BSC-I cells in MEM without foetal calf serum supplemented with 5/~g/ml trypsin.
Virus titration. Virus was assayed for infectivity in BSC-1 cell cultures in microtitre plates. Cultures were inoculated in quadruplicate with o'o 5 ml of a serial decimal virus dilution. After virus adsorption, the cultures were rinsed and incubated at 37 °C in MEM without foetal calf serum containing 5 pg/ml trypsin and scored for c.p.e, after 4 to 5 days of incubation. The titres were calculated according to the method of Reed & Muench (I938) and are expressed in median tissue culture dose (TCIDs0) per o'o5 ml.
Virus infections in various cell culture conditions. BSC-r cell cultures in Petri dishes of 35 mm diam. were washed twice with Dulbecco's phosphate-buffered saline (PBS) pH 7 and treated with the various factors before virus inoculation and/or after virus adsorption. After rinsing with PBS, the cultures were infected in duplicate with the virus at a multiplicity of about 0"5 TCIDs0/cell. After virus adsorption for I h, the monolayers were rinsed twice with PBS and incubated in MEM supplemented with the stated factor in the presence or absence of trypsin. At 24 h p.i., the cultures were harvested. Cells and culture medium were frozen and thawed once, mixed vigorously with an equal volume of Freon (Dupont Canada Ltd, Montreal, Qu6bec, Canada) for 2 min and centrifuged at 8o0 g for IO min. The clear supernatant was collected, sonicated and assayed for infectivity.
In a first set of experiments, confluent cell monolayers were treated for various periods of time before virus inoculation with one of the following additives: trypsin (2o/zg/ml) for IO rain; actinomycin D (Act. D) (1"5/tg/ml) for 2 h; MEM, 2 ml for Io min or 5 ml for 24 h; cortisol (o.oi raM) for I h; phytohaemagglutinin (PHA) (o.2~) for I h. The cultures were rinsed once with PBS after each treatment and were then infected. After virus adsorption, the cultures were incubated in MEM supplemented with or without an additive in the presence or absence of 5 pg/ml trypsin as indicated in Table I . In a second set of experiments, virus infection proceeded as described above except that the cultures were not treated before virus inoculation. Directly after virus adsorption, MEM supplemented with or without an additive was overlaid on the cell monolayer and the cultures were incubated in the presence or absence of 5 pg/ml trypsin as indicated in Table I . The additives tested were dialysed or non-dialysed FCS-gg, PHA, cortisol, vitamin B~, retinoic acid and NaCI in excess.
All experiments have been repeated for two to four times at different periods. One control culture was included in each set of tests.
Stability of rotavirus infectivity to trypsin digestion, heat and freezing. The samples were prepared and tested in parallel for each of the three properties. Crude samples of virus produced under selected cell culture conditions were treated with trypsin at the concentrations indicated for I5 min at 37 °C or adjusted to pH 7 and exposed to 50 °C for the times indicated. They were then stored at -20 °C until assayed for infectivity. Infected cell lysates were also subjected to two to four cycles of -7 ° °C freeze-thawing and assayed for infectivity after each cycle. Virus suspensions were sonicated before each test and titrated in duplicate. For comparison purposes, cellular extracts for each of the tests were titrated in parallel using the same batch of cells.
Chemicals. The following were purchased from Sigma (St. Louis, Mo., U.S.A.): Act. D, hydrocortisone (cortisol), vitamin BI~ and retinoic acid. Tissue culture grade trypsin, 
o'25~ (I:25o) solution and PHA were purchased from Gibco (Burlington, Ontario, Canada). NaCI was purchased from Fisher Scientific (Montrral, Qurbec). All chemicals were dissolved directly in MEM with one exception; retinoic acid was dissolved initially in dimethyl sulphoxide before final dilution in medium. Serum was not included in the medium for any experiments unless otherwise noted
RESULTS

Effect of trypsin
Titrations of the virus infectivity by TCIDso were consistent throughout this study within a variation of o'4 log. Virus yields obtained under various culture conditions are shown in Table I . The addition of trypsin during the entire period of rotavirus infection increased the infectivity titre by approx. ~-5 logs over the untreated cultures. Cells treated with 20/zg/ml trypsin for Io min before virus inoculation did not enhance the yield significantly unless infection continued in the presence of trypsin.
Effect of washing of cell monolayer
Ceils washed with MEM for Io min or for 24 h before virus inoculation and incubated after infection in MEM without trypsin or other tested additives produced a minimal amount of infectious rotavirus with Io 1"~ to IO ~'° TCIDso.
IO-2
Effect of serum
The addition of o'o25~, 2"5~o dialysed or non-dialysed FCS-gg during the infection period did not enhance virus yields. The infectivity titres varied between IO ~'s and IO FB TCIDs0. These conditions served as controls. The same lot of serum was used throughout the experiments and no anti-rotavirus-neutralizing antibody has been found in this serum at the lowest dilution tested (I/4o) as investigated by immunofluorescence.
Effect of actinomycin D (Act. D)
In these experiments all cultures were treated with Act. D. for z h before infection. Infectivity titres varied with the combination of additives used in the incubation medium. Infectivity titres were minimal with zo 1"6 TCIDs0 when the infection proceeded in MEM alone but increased to Io z'5 TCIDso with the addition of trypsin and averaged to Io 3"~ TCIDs0 with MEM supplemented with 2. 5 % FCS-gg whether in the presence or absence of trypsin.
Effect of cortisol
The incorporation of o.oI mM-cortisol in the medium without trypsin throughout the infection enhanced titres by z logs, reaching values of IO 3"7 TCID~ 0 compared to that obtained with the controls. The addition of trypsin to the infected cells incubated in MEM supplemented with cortisol, whether or not the cultures had been treated with cortisol before infection, did not change significantly the infectivity titres obtained in the conditions employing cortisol alone. Similar results were obtained in experiments using a io-fold less concentration of cortisol. In contrast, no enhancing effect on virus yields was observed when thyroid gland extracts were added to the medium in similar experiments.
Effect of vitamins
Vitamin BI~ and retinoic acid (vitamin A acid) were incorporated in the medium during the rotavirus growth cycle as indicated in Table I . Rotavirus cultivated in the presence of 0-0 7 mM-vitamin BI~ with or without trypsin added, yielded average infectivity titres of IO 3"8 TCIDs0. Similar virus yields were obtained with 0"7 mM-vitamin B12. Retinoic acid at a concentration of 2o0 Ftg/ml was also found to enhance infectivity titres by Ioo-fold. The combined incorporation of retinoic acid and trypsin did not yield titres greater than Io 3"a TCIDso.
Effect of hyperosmolarity
The production of infectious rotaviruses from infected cells maintained under conditions of too mM excess NaC1 was examined. Hypertonicity introduced after 7 h of infection increased infectivity titres to about IO 4"° TCID~o. The yields produced under NaC1 hypertonicity were similar, whether obtained in the presence or absence of trypsin.
Effect of phytohaemagglutinin (PHA )
Cells infected in the presence of 0.2 ~o PHA (or 2 ~ PHA, data not shown) yielded minimal titres similar to that obtained in the controls. However, neither the addition of PHA during the infection nor pretreatment of cells with PHA for I h before infection influenced the enhancing effect of trypsin since cells infected in the presence of PHA and trypsin gave infectivity titres of IO 3"7 TCIDs0, 
Effect of heat, freeze-thawing and trypsin treatment on infectivity of bovine rotavirus produced under selected conditions
Results presented above expressed the permissiveness of BSCq cells in terms of yield of infectious virus produced. The quality of the virus produced in terms of stability of infectivity to trypsin digestion, temperature and freeze-thawing was also investigated.
As shown in Table 2 , infectivity titres of viruses produced in cells exposed to Act. D plus FCS and cortisol were markedly reduced by approx. 2-0 logs by 20/ag/ml trypsin. Viruses produced in the presence of vitamin Ba~ also lost about 2.0 logs in titre after treatment with Ioo pg/ml trypsin. Conversely, rotaviruses that multiplied in the presence of 5 pg/ml trypsin or retinoic acid and under NaC1 hypertonicity were resistant to subsequent proteolysis. Trypsin treatment of the rotaviruses obtained from cell culture conditions that were shown to produce minimal amounts of infectious virus did not change their infectivity titres which remained between I.o and 1.6 log TCIDs0 (see Table I ). Thus, noticeably, in no case was rotavirus infectivity enhanced following incubation of crude infected cell lysates with 20 pg/ml trypsin in the stated conditions.
Although the indicated rotavirus stocks could be differentiated by their stability to proteolytic digestion, Table 3 demonstrated that with the exception of those produced in the presence of Act. D plus FCS and cortisol, they were all similarly inactivated at 50 °C, reaching an inactivation level of around Io -z'a after 30 min of exposure. All tested virus stocks, except those obtained under cortisol and vitamin B12, were stable to four consecutive freeze-thawing cycles (Table 4) . DISCUSSION BSC-I cells used in these experiments have demonstrated varying ability to produce infectious rotavirus depending on the content of the incubation medium. Recently, Estes et al. (I979b) demonstrated the variable ability of homologous and heterologous cell culture systems to replicate simian rotavirus SA I I. These results suggest that cell susceptibility to rotavirus infection may vary widely and could be modified under the action of various environmental agents. Trypsin, with a variety of other factors, was shown here to enhance rotavirus production in BSC-I cells.
BSC-I cells appeared semi-permissive to bovine rotavirus infection as indicated by the fact that cells infected in MEM supplemented with foetal calf serum or without any additive yielded a minimal amount of infectious virus averaging lO 1"6 TCiDs0/o.o5 ml. It is not known at present if the viruses recovered represented viruses newly produced or inoculated virions that escaped uncoating or a mixture of the two. In all experiments only the maximum yield of virus was examined. The results do not rule out the possible effect on the time at which infectious virus is first seen, or on the rate of its production. In no case was an additive found inhibitory to virus production. Such inhibition would have been revealed with infections proceeding with additives in the presence of trypsin that would have yielded infectivity titres equivalent to that obtained in the controls.
The enhancement in infectivity titres obtained in this study following trypsin treatment agrees with the findings of other workers (Babiuk et al. 1977; Almeida et al. 1978; Barnett et al. 1979; Clark et al. 1979) . Infectivity titres were increased following the incorporation of trypsin in the maintenance medium throughout the infection cycle but remained unchanged after trypsin treatment of infected cell extracts. Simultaneously with the growing number of reports demonstrating successful isolation and cultivation of animal rotaviruses in various cell line cultures with the use of trypsin, there have been reports of the lack of a similar potentiating effect of trypsin on human rotavirus infectivity. Effectively, trypsin treatment does not appear to be a sufficient requirement to permit serial cultivation of human rotavirus in cell culture (Spence et al. I978; Schoub et al. I979; M. E. B6gin, unpublished data) and the simian SA I I isolate multiplied to high titres in MA-Io4 cell cultures in the absence of trypsin (Estes et al. 1979a) . Contrasting results have also been reported regarding the dependence of rotaviruses on proteolytic enzymes for plaque formation (Matsuno et al. 1977; Wyatt et al. 1978; Matsuno & Mukoyama, I979; Ramia & Sattar, I979; Smith et al. I979) . Although several possible explanations have been suggested (Babiuk et al. I977; Theil et al. I977; Almeida et al. I978; Barnett et al. I979 ), the precise mechanism by which trypsin enhances rotavirus infectivity in cell cultures is not yet understood. However, these results, including this study, could suggest that trypsin exerts its effect on the virus and/or the cell depending on the way the treatment is done and the effect may be characteristic of the rotavirus isolate and the host cell in which it multiplies under specified conditions. Therefore, if rotavirus infectivity varies according to the particular virus--cell interaction, there may exist factors other than trypsin that modulate cell permissiveness to rotavirus infection in vitro and in vivo.
The results described here demonstrated that besides trypsin, factors like cortisol, retinoic acid, vitamin BI~ and hypertonicity enhanced the production of infectious rotavirus in BSC-I cells. Foetal calf serum promoted virus growth only when used with cells previously treated with Act. D. The increase in infectivity titres was in all cases independent of the action of trypsin. However, the virus particles produced in the presence of the factors differed, respectively, as evidenced by their different stability to tryptic digestion, to heat and to repeated freeze-thawing. It suggests that the integrity of newly produced rotavirus may be dependent on host metabolic conditions. It is thought that the host cell affects rotavirus assembly in some way. The effects of cortisol, vitamin BI~ and Act. D plus FCS on BSC-I cells are unknown. Retinoic acid, in adequate concentrations, is known among other actions to suppress interferon production (Blalock, t977). Hypertonic conditions are found generally to favour translation of virus transcripts over host messages (Saborio et aL I974; Nuss et al. I975; Cherney & Wilhelm, I979) . However, the increase in the production of infectious virus may not be related to this resistance since (i) this selective resistance has not been proven to occur here and (ii) variations in the virus protein synthesis were demonstrated to be unrelated to the yield of infectious virus and to the shut-off of host protein synthesis in a variety of cell lines infected with different strains of influenza viruses (Minor et al. I979) . For these reasons, it would appear unwise to postulate a common mechanism for the enhancing effect of these factors and further work is needed to substantiate the hypothesized association of their effects with late steps in rotavirus replication.
Some of these factors might influence rotavirus infection in vivo and its clinical severity in young calves. Effectively, calves at birth have high plasma levels of cortisol that progressively diminish during the first 2 weeks of life (Cabello, I979) and secretion of cortisol might be responsive to stress resulting from various changes in the environment and from rearing practices. Increase in the concentration of cortisol may constitute the common determinant of factors and conditions known to influence the severity of clinical infections (Woode, 1978; Woode & Crouch, ~978) . Cortisol may act through its immunosuppressive effect or other undetailed mechanism(s). Similarly, retinoic acid and vitamin B12 may also play a role under certain conditions in view of the practice of incorporating vitamin A into the diet of the young calf and since vitamin B12 is supplied through colostrum and milk in the young calf and produced by the intestinal bacteria in the adult (Soltner, I975)-Whether these factors are important in the modulation of rotavirus infection in vivo remains to be discovered.
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